Background: The robot-assisted radical prostatectomy (RARP) has been widely applied in recent years; however, only a few studies are reported about long-term urinary continence after surgery. The present study aimed to examine the outcomes of continence rates (CRs) and determine the risk and protective factors of urinary continence in patients with prostate cancer (PCa) undergoing RARP. Methods: This retrospective study included 650 patients treated with RARP with perioperative data and at least one year of follow-up from September 2009 to November 2017. Also, the preoperative, intraoperative, and postoperative parameters of the patients were analyzed. Continence was defined as no pad use. Early and late continence was defined as the return of urinary continence within 3 months and beyond 12 months post-surgery, respectively. CRs were examined from 1 to 48 months postoperatively. Logistic regression analysis evaluated the association between the predictive factors and urinary continence in the early and late stages. Results: No significant difference was detected in the CR from 12 to 48 months postoperatively (P = 0.766). Logistic regression analysis proved that pelvic lymph node dissection (PLND) was a significant risk factor of urinary continence at 1 month. Nerve-sparing (NS) was a significant protective factor of urinary continence at 1, 3, and 6 months. Advanced age was an independent risk factor of urinary continence at 6, 12, and 24 months. Other variables were not statistically significant predictors of urinary continence.
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Conclusions: The current results demonstrated that CR gradually improved with time within 1 year and stabilized 1 year after the surgery. PLND, NS, and age were significant determinants of continence in the early and late stages, respectively. These parameters could be used for preoperative identification of patients at high risk and counseling about postoperative expectations for urinary continence.
Keywords: Prostate cancer, Prostatectomy, Robotics, Urinary incontinence, Continence Background Despite advances in surgical technique and methodology, postprostatectomy urinary incontinence (UI) remains a significant adverse event that leads to decreased quality of life [1, 2] . Several factors are involved in the recovery of urinary continence after radical prostatectomy (RP) [3, 4] . Since patients have learned about this disease from the media, it is necessary to predict the recovery of urinary continence early in order to minimize the patients' concerns and embarrassment [5] .
The technical progress has facilitated the increasing use of robot-assisted radical prostatectomy (RARP) worldwide [6] . Because the procedure can induce different degrees of damage to the bladder and urethra, UI is inevitable despite the assistance of robotic systems [7, 8] . This in turn, places physical and psychosocial burden on patients.
Reportedly, urinary continence improves only slightly in the 12 months after the surgery [2] . Hence, previous reports mainly addressed continence rates (CRs) and potential predictors within 1 year post-RARP. However, continence may continue to develop at 2 years postsurgery [7, 9, 10] . Limited data are available for longer follow-up with urinary continence after 24-48 months. In addition, a series of studies reported outcomes at 1 year after surgery, and most of them included a small number of patients (< 200) . Moreover, the follow-up period was discontinuous or incomplete. For example, Yanagiuchi et al. examined and identified the outcomes at 1 and 3 months post-RARP, while Olgin et al. and Haga et al. analyzed and evaluated the outcomes at 3 and 12 months after the surgery [8, 11, 12] . In addition, Honda et al. reported continuous outcomes from 1 to 6 months postoperatively [13] .
To the best of our knowledge, continuous follow-up data from 1 to 48 months on CRs and predictive factors for urinary continence after RARP with a high number of patients have not been collected. Therefore, in this retrospective study, we examined the outcomes of CRs at 1, 3, 6, 12, 24, 36, and 48 months after the surgery and determined the risk and protective factors of urinary continence.
Methods
Patients diagnosed with clinically localized prostate cancer and received treatment from September 2009 to November 2017 at our institution were studied in a retrospective manner. Only patients who completed the outpatient visits or telephonic interviews for at least one year were enrolled. Patients with incomplete data and those unavailable for follow-up of continence were excluded from the study. Patients who underwent preoperative transurethral resection, enucleation of the prostate, radioactive seed implantation, orchidectomy, bladder neck, urethral, or pelvic surgery, and retropubic radical prostatectomy (RRP) or laparoscopic radical prostatectomy (LRP) were also excluded. Finally, a total of 650 eligible patients were analyzed. The schematic is illustrated in Fig. 1 .
Data were collected from cases performed by three surgeons. RARP was performed by a transperitoneal approach. Nerve-sparing (NS) procedures were attempted in all potent patients at a clinical stage of T1 or T2, prostate-specific antigen (PSA) ≤10 ng/mL, and Gleason score ≤ 7. To preserve the urethral length, it was performed proximally close to the prostate while dissecting the urethra. Pelvic lymph node dissection (PLND) was performed selectively to collect samples in intermediateand high-risk patients [14] . Urethrovesical anastomosis was carried out using 2-0 monofilament sutures with a 5/8 needle. Typically, a catheter was placed and removed at 3 weeks after the surgery.
Clinical data on the demographic characteristics and surgery-related variables were retrieved from the patient's medical records. Together with the follow-up records, the data were assimilated into a database in this retrospective study. The factors assessed included age at the operation, body mass index (BMI), comorbidities such as hypertension (HP), diabetes mellitus (DM), coronary heart disease (CHD), and cerebrovascular diseases (CD), serum PSA level, prostate volume (PV), biopsy-determined Gleason score, clinical stage, operation time (OT), NS and PLND during surgery, and the duration of indwelling catheter (DIC) after the surgery. UI was defined as any leakage of urine after the surgery. Early and late continence was defined as the return of urinary continence within 3 months and beyond 12 months after surgery, respectively [12] .
Statistical analysis
SPSS version 19.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. Data are reported as mean ± standard deviation or percentage. The chi-square test was used to compare the CRs at 12, 24, 36, and 48 months. The independent sample t-test or chi-square test was used to compare the predictive factors for urinary continence after RARP. All the above factors that might affect urinary continence were included in the univariate and multivariate logistic regression analysis to identify the risk and protective factors. P < 0.05 was considered statistically significant.
Results
CRs at 1, 3, 6, 12, 24, 36, and 48 months post-surgery were 40.62, 60.92, 71.38, 78.77, 79.96, 79.51, and 76.50%, respectively (Table 1) , which improved gradually within one year. The comparison of CRs at 12 and 48 months did not reveal any significant differences in the continence outcomes during the 4-year follow-up (P = 0.766). Consequently, CR was found to be stabilized 1 year after the operation. Furthermore, the demographic data and baseline clinical characteristics of the two groups (continence and incontinence groups) at 1 and 48 months were compared (Tables 2, 3, and 4). Fewer patients had NS, and a large number of patients had PLND in the incontinence group than those in the continence group during the surgery at a 1-month follow-up (P < 0.05) ( Table 2) . Similarly, more Abbreviation: RARP Robot-assisted radical prostatectomy patients in the continence group had intraoperative NS than those in the incontinence group, as observed at the 3-month follow-up (P < 0.05) ( Table 2 ). Data from the 6-and 12month follow-ups are presented in Table 3 . At a 6-month follow-up, the continence group more commonly had a NS procedure performed (P < 0.05). Urinary continence at 6 and 12 months after RARP was associated with age at the time of surgery (P < 0.05). Data from the 24-and 48-month follow-ups are presented in Table 4 . Patients in the incontinence group were older than those in the continence group at 24-month follow-up (P < 0.05). No significant variables were observed at the 48-month follow-up. Univariate and multivariate associations between urinary continence and predictive factors are shown in Tables 5, 6, and 7. In the univariate logistic analysis, PLND was associated with urinary continence at 1-month post-surgery (P = 0.009). In the multivariate logistic analysis, PLND was a significant independent risk factor of early urinary continence at 1 month (odds ratio (OR): 1.535, 95% confidence interval (CI): 1.079-2.184, P = 0.017; Table 5 ).
Univariate logistic analysis showed that NS was associated with urinary continence at 1 month (OR: 0.372, 95% CI: 0.248-0.557, P < 0.001), 3 months (OR: 0.549, 95% CI: 0.356-0.846, P = 0.007), and 6 months (OR: 0.561, 95% CI: 0.346-0.909, P = 0.019) ( Tables 5 and 6 ). In multivariate logistic analysis, NS was a significant independent protective factor of urinary continence at 1 month (OR: 0.360, 95% CI: 0.231-0.561, P < 0.001), 3 months (OR: 0.546, 95% CI: 0.342-0.872, P = 0.011), and 6 months (OR: 0.545, 95% CI: 0.324-0.915, P = 0.022) ( Tables 5 and 6 ).
Univariate logistic analysis showed that younger age was associated with urinary continence at 6 months (OR: 1.028, 95% CI: 1.005-1.052, P = 0.019), 12 months (OR: 1.034, 95% CI: 1.007-1.061, P = 0.012), and 24 months (OR: 1.970, 95% CI: 1.943-1.998, P = 0.017) ( Tables 6  and 7 ). In multivariate logistic analysis, advanced age was a significant independent risk factor of urinary continence at 6 months (OR: 1.026, 95% CI: 1.001-1.051, P = 0.038), 12 months (OR: 1.030, 95% CI: 1.002-1.058, P = 0.035), and 24 months (OR: 1.968, 95% CI: 1.939-1.997, P = 0.038) ( Tables 6 and 7) . Other variables mentioned above were not statistically significant predictors. Also, no significant predictors of late urinary continence were detected at 48 months (Table 7 ).
Discussion
Reportedly, the urinary continence is stable up to 12 months after RP [2] . Hence, previous studies have ad- [16] . The CR of the current study was 76.50% at 48 months after RARP, which has been the longest follow-up on the topic to date. A large number of studies have evaluated the predictors of urinary continence within 1 year after surgery. These studies either included a relatively small number of patients or had a discontinuous follow-up. To the best of our knowledge, this is the first study to evaluate the predictors of continence from 1 to 48 months after RARP in a large sample. In the current cohort, the CRs were 40.62, 60.92, 71.38, and 78.77% at 1, 3, 6 and 12 months after RARP, respectively ( Table 1) . These results were in agreement with those from the recent study by Honda et al. that revealed CRs at 1, 3, and 6 months as 40.7, 63.0, and 73.1%, respectively [13] . The definition of postoperative urinary continence varied among several studies. Hitherto, there is no consensus on UI post-RP [17] . Herein, we selected the most stringent definition of incontinence: any leakage of urine. Reportedly, the continence rate one year after RARP is 69-97% [1, 18] . The overall continence rate in this study was 78.77% at 12 months, without the usage of any pad. Although it is not excellent, it is within the average range.
To identify the predictive factors, urinary continence was divided into two categories: early continence (< 3 months) and late continence (> 12 months) [12] .
In general, PLND was selectively performed for sampling purposes in intermediate-and high-risk patients [14] . One month after the surgery, PLND in the continence group occurred in 121 patients (45.83%), while it occurred in 217 patients in the incontinence group (56.22%) (P < 0.05). Three months post-surgery, no significant differences were detected in both groups. The logistic analysis showed that PLND was a significant independent risk factor of early urinary continence at 1 month. Patients who had undergone PLND during surgery had a high risk of UI. Lymphadenectomy may give rise to transient damage to nerve vessel bundles (NVBs), which affected the recovery of urinary continence. However, with the recovery of body function, this impact declined gradually.
The current logistic analysis showed that NS was a significant independent protective factor of urinary continence at 1, 3, and 6 months ( Tables 5 and 6 ). These findings were in line with those from the study by Reeves et al., which found that avoiding damage to the nerves around the prostate improves urinary continence in the first 6 months after [15, 21] . The bias in the studies used for the analysis might have influenced the results. However, all the studies showed that NS during the surgery produced satisfactory postoperative continence outcomes.
Multiple studies have demonstrated that age is an independent risk factor for the return of continence at 1-12 months after RARP. Lavigueur-Blouin et al. evaluated the early continence after RARP [22] . It showed that advanced age was an independent predictor at 1 month. Kim et al. demonstrated that younger men could have an early recurrence of continence 3 months after RARP [23] . Greco et al. compared the continence outcomes of RARP in older men to those of the younger men [24] .
The study showed that CRs at 1, 3, and 12 months were similar in the two groups; however, the older group had a significantly lower continence rate at 6 months. The results of these studies might partially be in agreement with those of our study. Shikanov et al. demonstrated that age is a predictor of continence return at 12 months after RARP, which is partially in accordance with the current results [25] . Our results show that advanced age is a significant risk factor of continence at 6, 12, and 24 months after the surgery (Tables 6  and 7 ). Men of advanced age had a high risk of UI. Older men have poor endothelial dysfunction, which affects the vascular supply of the NVBs. In addition, it is difficult to perform pelvic floor exercises (PLE) due to an age-related decrease in the mass of the skeletal muscle and neuronal plasticity [26] . These conditions might affect functional outcomes. Interestingly, the optimal time to remove the indwelling catheter has not yet been determined. Conventionally, the urinary catheter was removed between 10 and 21 days postoperatively [27] . Typically, the catheter is removed 3 weeks after the operation in our center in order to ensure the healing of anastomosis. However, most patients returned home after the operation, and the indwelling catheter was removed at the local clinic. This leads to the inconsistency of catheter removal and the duration of indwelling catheter might be longer than expected.
Limitations
Nevertheless, the present study had some limitations. First, this was a retrospective study from a single institution, and surgeries were not performed by a single surgeon. Second, we did not analyze all variables due to the undocumented surgical steps of the procedure, variations in surgical experience, and differences in the pathological reports. Third, although a stringent definition of continence was applied, the conditions were reported by the patients rather than based on a quality questionnaire. Fourth, the potential bias in selecting the patients for the procedure might influence the results. In addition, data were missing as many patients were lost to follow-up. Despite these drawbacks, this study utilized a large sample size, and the survey of postoperative urinary continence was time-continuous.
Conclusions
The current study has shown that CR improves gradually with time within 1 year post-surgery and stabilizes after one more year. PLND, NS, and age are the significant determinants of continence in the early and late stages, respectively. Thus, these parameters could be used to identify patients at high risk for UI preoperatively and counsel them on postoperative expectations for urinary continence. 
